Background: Knowledge about bacterascites is limited and management guidelines
| INTRODUC TI ON
Bacterascites is defined by an ascitic fluid polymorphonuclear neutrophil (PMN) count below 250/μL and a positive ascitic fluid culture results in the absence of an evident intra-abdominal, surgically treatable source of infection. 1 It is a different clinical entity than spontaneous bacterial peritonitis (SBP), which is characterized by a neutrophil reaction in ascites regardless of the bacterial culture result. Bacterascites is prevalent in 8%-11% of all patients with cirrhosis and ascites, and the clinical significance seems to vary according to how the infection was acquired. [2] [3] [4] [5] [6] [7] Several hypotheses have been proposed to explain the potential underlying pathophysiological mechanisms. The most common theory implicates that the bacterial colonization of ascites is caused by bacterial translocation from the intestinal lumen or by secondary translocation from a concomitant infection from extraintestinal sites (eg, urogenital or respiratory tract). The absence of an inflammatory response could be interpreted as an early phase of SBP, in which the neutrophil response has not commenced yet, or a spontaneously resolving infection, determined by good host defences or less virulent pathogens. 1, 4 In this context, the term 'symptomatic bacterascites' has been introduced for patients with bacterascites and clinical symptoms of infection, in order to identify those patients who may require treatment.
Furthermore, bacterascites caused by commensal skin bacteria has been attributed to exogenous contamination of the ascitic fluid sample and bacterascites with multiple pathogens may be caused by traumatic paracentesis. 2, 3 The indication for antibiotic treatment of bacterascites is generally regarded to be dependent on the supposed pathophysiological mechanism and the clinical situation.
The AASLD practice guideline regarding the management of ascites states that patients with ascites and convincing signs or symptoms of infection should receive empiric antibiotic treatment. 8 This recommendation is based on one study with 36 cases of bacterascites receiving a follow-up paracentesis, in which 62% of the cases spontaneously resolved and 38% progressed to SBP. 4 The EASL clinical practice guideline endorses this recommendation and further states asymptomatic patients should undergo a second paracentesis when culture results come back positive.
Patients in whom the repeated ascitic PMN count is greater as or equal to 250/μL should be treated for SBP, and the remaining patients (ie, PMN count below 250/μL) should be followed up. 9 This guideline is based on a consensus document of the International Ascites Club in 2000. 1 Although bacterascites is not an uncommon condition, relatively few studies on prognostic factors and outcome of this ascitic fluid infection have been reported. [2] [3] [4] [5] [6] [7] Therefore, the purpose of this study was to assess the clinical characteristics, microbiological findings, and clinical course in consecutive patients diagnosed with bacterascites. We further attempted to study the prognostic impact of bacterascites in comparison to SBP, and to define the most logical therapeutic approach. Demographic, clinical, biochemical, and survival data from patient hospital records were collected.
| PATIENTS AND ME THODS

| Study design and data collection
To determine the prognostic impact of bacterascites in comparison with reported outcomes of SBP, a control cohort was established with patients from our centre with SBP, performed as described in a previous publication. 10 In order to create homogenous groups for survival analyses, patients with both episodes of bacterascites and SBP were categorized as SBP when the first ascites infection was SBP or bacterascites developed within 48 h to SBP. Patients with bacterascites developing SBP after 48 h, but within 30 days were excluded from survival analysis.
In addition, the MELD score-dependent relation of the prognosis of bacterascites patients was studied and compared with SBP patients. 11, 12 Furthermore, a PubMed search was performed on December 1st, 2017 with the following search terms: spontaneous bacterial peritonitis (ALL) AND (outcome (ALL) OR mortality (ALL)) AND prognos* (ALL).
The studies were reviewed and included when the following criteria analysis and 1-month or in-hospital mortality rate, and (e) written in English. Interventional studies (eg, randomized controlled trials), studies with a selected population (eg, HIV patients), and abstracts were excluded.
Study and clinical characteristics were collected from the included studies.
| Definitions
Bacterascites was defined as an ascitic fluid sample with a PMN count below 250/μL and a positive bacterial culture, in the absence of evidence for an intra-abdominal source of infection. 
| Statistical analysis
Continuous variables were reported as mean with standard deviation (SD), after visual confirmation of approximate normality, and compared using the Student's t-test. Categorical variables were reported as count with proportion and compared using the Chi-square test. A two-sided P-value <0.05 was considered significant. 
| Bacterascites
The infection was in 11% of the bacterascites episodes community acquired, in 55% healthcare-associated, and in 34% nosocomial acquired.
One or more clinical symptoms of infection were present in the majority (78%) of patients with bacterascites. Sole abdominal discomfort was reported by 18%, HE by 16%, abdominal pain by 9%, and fevers or chills by 3%. A combination of these symptoms were present in 32%: 13% had HE and abdominal pain, 11% HE, fever and abdominal pain, 5% fever and abdominal pain, and 3% HE and fever.
Symptomatic patients had a similar age (mean 64 vs 63 years; 19 (10) 20 (11) 17 (7) 21 (12) 23 (11) 
| Microbiology
Monomicrobial bacterascites was found in 81% of all episodes, consequently multiple pathogens were cultured in 19% of all episodes. In polymicrobial bacterascites, two or three different organisms were cultured. Gram-positive bacteria were predominantly cultured in monomicrobial bacterascites. The 177 species cultured in monomicrobial and polymicrobial bacterascites are listed in Figure 1 . Staphylococci were most often isolated (43%), followed by Streptococci (17%), Enterococci (14%), and Escherichia (11%). The cultured species of these four most common found genera are subtyped in Figure S1 . 
| Antibiotic therapy
In 96 (68%) of the total 142 episodes of bacterascites antibiotic treatment was initiated: in 49 episodes after paracentesis and before culture results became available, in 47 episodes after culture results were known. In 16 cases, the antibiotic treatment was modified based on culture results. Amoxicillin-clavulanic acid combination was most often prescribed (30%), followed by cephalosporin The cumulative mortality rates in bacterascites patients (1-month: 36%; 3-month: 56%; 6-month: 62%; 1-year: 66%) are statistically comparable to that reported for SBP patients (1-month: 34%; 3-month: 54%; 6-month: 67%; 1-year: 77%) (log-rank test P = 0.397) (Figure 3 ).
The most important predictive factors for 3-month mortality after bacterascites diagnosis were: MELD score and the presence of hepatic encephalopathy (Table 3 ). Figure 4 shows the MELD scoredependent relation of survival in 114 patients with bacterascites and 88 patients with SBP.
| Bacterascites in comparison with SBP in the literature
Our literature search for relevant studies of SBP identified 17 publications (Table 4) . 10, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] The reported baseline clinical characteristics including age, gender distribution, and liver disease severity scores of SBP were comparable to those identified in our patient population with bacterascites. In addition, the cumulative mortality rate in our bacterascites cohort (1-month: 36%; 6-month: 62%; 1-year: 66%) also appears comparable to that reported for SBP (1-month: 13%-49%; 6-month: 52%-59%: 1-year: 49%-70%).
| D ISCUSS I ON
Bacterascites is an infectious complication occurring in patients with advanced or end-stage liver disease, and is associated with a high short-term mortality risk. Bacterascites tends to persist, or to evolve to SBP, in a significant proportion of cases. Further, our findings indicate that bacterascites diagnosed in in-hospital patients has great similarities to SBP. In particular, patients with bacterascites and SBP present with a similar degree of liver insufficiency and have a comparable poor prognosis.
In our cohort, 78% of patients showed clinical symptoms of infection, which is reasonably similar to the rates of 66%-71% in previously published studies. 4, 6 Although it is generally accepted that SBP is frequently accompanied by clinical symptoms, a proportion of 13%-32% patients with SBP has been reported to be asymptomatic. 6 With the results of this study, it is difficult to clearly elucidate the underlying pathogenesis of bacterascites. Gram-positive bacteria were frequently isolated in bacterascites, which is in line with findings from other bacterascites series. 2, [5] [6] [7] However, only a minority of episodes of bacterascites was considered to be due to exogenous contamination. In many cases, patients showed evident symptoms of infection, had a concomitant positive blood culture, or there were evidence of a porte d'entrée from the skin through an inserted line or catheter. It could be hypothesized that Gram-positive bacteria are less virulent or less likely to induce an inflammatory host reaction, which has been previously postulated in studies analysing patients with bacteremia. 31, 32 Furthermore, traumatic paracentesis were highly unlikely to explain any cases of bacterascites in our cohort. In all polymicrobial bacteracites, a maximum of three different organisms were cultured and not the variety of bowel flora expected after perforation. 33 Thus, it is more likely bacterascites is an actual colonization of ascites, either behaving as a different form of peritonitis or with a large probability of evolving into a classic infection.
Earlier reports have suggested bacterascites patients might have higher levels of bactericidal and opsonic activity, reflected by higher protein concentrations in ascites, preventing a full-blown inflammatory response. 4, 34 Despite the fact that protein concentrations in ascites were measured on an irregular basis in our cohort, the mean protein level of 16 g/L does not indicate patients are deviant from SBP patients. 35, 36 Unexpectedly, female gender was one of the factors increasing the odds to receive antibiotic treatment for bacterascites. We found a correlation between female gender with autoimmune-related liver disease aetiology and immunosuppressant use. Female patients were more likely to have autoimmune hepatitis, primary biliary cirrhosis, or nonalcoholic steatohepatitis and more often used immunosuppressive medication. Possibly, the threshold to prescribe antibiotic treatment for bacterascites is lower in patients using immunosuppressive medication.
One of the goals of this study was to determine the clinical course of bacterascites. In two-thirds of the cases, the treating physician decided to initiate antibiotic treatment. However, in the 46 episodes not treated with antibiotics, 17% died before culture results were known. In the 26 untreated patients undergoing repeated paracentesis, 42% were diagnosed with either ongoing bacterascites or SBP.
The results of this study do not support the importance to distinguish clinically between symptomatic and asymptomatic bacterascites. The proportion of untreated bacterascites, which spontaneously resolved, was equal in symptomatic and asymptomatic patients.
Furthermore, the presence of signs or symptoms of infection was not an independent predictor for mortality.
The rate of 25% MDR bacteria found in all bacterascites episodes was relatively high for the Netherlands, but it is in line with current international microbiologic SBP studies reporting MDR bacteria rates of 27%-67%. [37] [38] [39] The involvement of MDR bacteria in bacterascites was not associated independently with mortality in our study. Whether there is an independent association between MDR bacteria and a worse prognosis is still unclear with contrasting findings in studies regarding SBP. 10, 20, 22, 40, 41 As shown in Figure 4 , the prognosis after bacterascites is worse than the reported prognosis based on the MELD score, as developed in a large cohort of patients with advanced chronic liver disease.
11,12
The relatively high rate of short-term mortality suggests bacterascites is either directly endangering the patient or a symptom of a critical condition. Therefore, these data suggest that these patients should be medically supported by all available means including antibiotic treatment. Timely and appropriate antibiotic treatment, as has been proven effective in SBP, seems appropriate in bacterascites. 9 Taking in consideration that 27 of the 46 untreated cases of bacterascites in our cohort spontaneously resolved bacterascites, this clinical measure might induce a significant over-treatment. This study evidently does not prove that treating bacterascites in patients with spontaneously resolving infection will improve prognosis. Although we found age and MELD score important predictors for patients with a worse clinical course, it is clinically difficult to accurately distinguish these patients from patients resolving the infection spontaneously.
To the best of our knowledge, this is one of the first studies concentrating solely on bacterascites by analysing a large cohort of consecutive patients. Our cohort with 123 patients is substantially larger than previously reported cohorts including 18-48 patients. [2] [3] [4] [5] [6] [7] One of the limitations of this study is that, because of the retrospective design, the natural course of bacterascites could not be optimally studied. For instance, it may well be that patients received antibiotic treatment while the bacterascites would have resolved spontaneously. It should also be pointed out that 14 patients had multiple bacterascites episodes, which could have led to a possible statistical bias, since a correlation between episodes of the same patient was ignored. Prospective studies would be necessary to further define the natural history of bacterascites and the optimal diagnostic and therapeutic strategy. Such studies could also confirm our finding that bacterascites carries a mortality risk comparable to that of SBP.
In conclusion, bacterascites is a complication of cirrhosis comparable to SBP with respect to clinical background and prognosis. Also considering that bacterascites seems to persist or to evolve into SBP in a substantial proportion of cases, with no clear differences in the course of symptomatic vs asymptomatic patients, our results may suggest that the (antibiotic) treatment strategy in bacterascites and SBP should be the same.
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